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ROME AIR DEVELOPMENT CENTER
GRIFFISS AIR FORCE BASE
NEW YORK

b December 196k
Purchase Request Contiuuation Sheet

Rectifier, Electro-Optical,
Photogrammetric BM~31A

Continuation Sheet No. 1 For P.R. No. 64-0L8

DESCRIPTION OF SUPPLIES OR SERVICES TO BE PURCHASED

ITEM  QUANTITY DESCRIPTION

1

2 each ENGINEER, FURNISH AND INSTALL a Rectifier, Electro=
Optical, Fhotogrammetric BM=-31A, in acecordance with
Bome Ailr Development Center Exhibit RADC=-5157 dated
4 December 1964 including those medifications cited
under Item 2 below. Installation shall be considered
complete when the following test problems have been
processed through the rectifier and witnessed by the
procuring activity:

a. Oblique fvazs problem
b. Prepared panorsmic problem.

ENGINEERING SERVICES AND MATERIALS for the mb&ifié
cabtion of the two Rectifier Unite at ACIC as follows:

a. Deccder
(1) Remove all DELTA-V cards end filter cards (5)
(2) Remove DC amplifiers (3)
(3) Simplify circuitry and increase relisbillty
(4) Improve cooling of critical heat areas

(5) Replace all I/R cards ard relays for
reliability (£lip/flop)

(6) Remove delete circuitry
(7) New gain/phase network snd control
THE INFORMATION CONTAINED HEREIN SHALL NOT BE REVEALED TC UNAUTHORIZID

PERSONS FRIOR TO RELEASE OF THE INVITATION FOR BIDS (IFEB} OR REQUEST
FOR PROFOSAL (RFP), AFPI 1-465 (d) (1) ‘

Approved For Release 2005/02/17 : CIA-RDP78804770AbQ1400040003-1
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PR, No. 64-948
b. Rectifier
(1) cCopy Carriage

(a) Remove filter mechanism and servo

(b) Increase lamp output-new power supply.

Add lamp-condenser adjustment -
nev lamp housing.

(¢) Clean - renovate optics (elliptical
mirror, etc,)

(d4) Clean, adjust/replace, realign all
mechanical parts

(e) Install setup lights
(f)= Decoder interlock switch
(g) Install new platen mechanism
(2) Lens Carriage
(a) New lens turret with lens adjustments
(5) New lenses (f5.6 or £6.3)
(c) Add filter - mamval set
(a) Rencvate/clean méchaﬁical parts
(3) Recording Cylinder
(a) Install speed matching control
“(4) ceneral
' (s} Realign instrument
(v} Rencvate/replace servo
’ (¢) Renovate ball screws apd bearings
(5) Install Light Shields
: mg@-
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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P.R. No. 64-948

3 . 1 kit INTERIM SPARE PARTS consisting of only those parts
approved by the contracting officer after review
of the list of replaceable parts required under
Sub Item 4.5. Spare parts shall be interchasnge-
able with the corresponding parts used in the
equipment furnished under Item 1 and shall be
delivered concurrently.

I DATA ITEMS shall be delivered as listed on the
attached DD Form 1423 entitled: “Coutractor Data
Requirements List" and shall be prepared in accor-
dance with each (AFLC/AFSC Form 9) as referenced
in Colvmn D by TSAF (Typical System Acquisition

- Flow) nuwbers or proposed numbers. These dats
items are numbered as sub items, of this item and
are hereby incorporated by any references to this
Contract or any part thereof to this Item unless
specifically excepted. The specific data require-
ments are contained under Preparing Informstion
on each Form 9. The AFLC/AFSC Form 9's, ss listed,
are contained in Volume II, AFSCM/AFLCM 310-1.,
Where data stendards are not published in Volume IT
of AFSCM/AFLCM 310-1, the minimum essential require-
ments for each new data item is contained on an
AFIC/AFSC Form 9 which is attached to the afore-
mentioned DD-1423 and made a part hereof.

NOTE 1: The modifications to the rectifier units
now at ACIC and the prototype models being procured
shall operate by a control drive mechanism {decoder)

- that is:completely compatible with the present
rectification program tape, desigunated R-1; Index
No. 1000RL00; of the present program library for
the RCA-50L computer.

AJM/do

= 3o
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£I5 FORCE STSTEMS COMMAND Exhibit RADC -5157
ROME ATR DEVELOPMENT CENTER “¥ Decémber 1964 -

RECTIFIER, ELECTRO~OPTICAL, PHOTOGRAMMETRIC, BM-31A
1. BCOPHE
Lol This exniblt coverg the requlrements for the Tabrication and instalietion
ol the Rectificr, Elesctro-Optical, Photogrammetric, EM-31A, hereinafter referred
to as the "rectiriex",

2. APPLICARLE DOCUMBENTS

2.1 The Tollowing documents, of the issue in effect on the date for invitation
for hvids, form a part of this exhilbit to the extent specifled hereln.

SPECYFICATIONS

Militexry
MIL-E-4156 Electronic Equiprent, Ground General Requirements For
MILL~M-26512 Maintainabiliity Reguirements For Aercspace Systems
and Equipments
STANDARDS
Militery

MIL-STD-831 Test Reports, Preparation OF
(Copiles of documents required by contractors in counaction with specific
procurernent functions should be obtained from the procuring activity
or uu directed by the contracting officer.)

2.2 Other publications.- The following documents form.a pert of this exhibit

A
to the extenb gpecified herein. Unless ctherwise indiceted, the issue in effect
on date of lavitation for bids shall apply.

Office of Technical Services (0TS)
PB 161894 ‘RADC Reliability idotebook RADC-TR-58-111

(Copies of 0TS documents mey be obtained from Office of Technical
Services, U. S, Dept. of Commerce, Wechington 25, D.C, 20331)

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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Exhibit RADCa5157
3. REQUIREMENTS

3.1 General specification.- The requirements of MIL-E-4158 apply as requirements
of this exhibit. Where the requirements of the general specification and this
exhibit conflict, the requirements of this exhibit shall govern. Exceptions and
additions to the general specifications shall be as follows.

3.1.1 Service conditions.- The rectifier shall operate under the following service
conditions.

3.1.1.1 Climatic

a. Operating: 21°C (69.8°F) to 24°C (75.2°F)
b. Non~operasting ‘

(1) Installed - &.4°C (39.9°F) to 54°C (129.2°F)
(2) Packaged for shipment- =-29°C (-20°F) to 54°C (129.2°F)
3.1.1.2 Relative humidity
a. Operating 45 to 55 percent
b. Nom~operating
(1) Installed - O to 95 percent

(2) Packaged for shipment - O to 100 percent.

3.1.2 Mechanical.- The rectifier shall not suffer damage nor fail to give required

performance when subjected to shock and vibration encountered in transit and

handling. Vibration data shall be furnished to the Government by the contractor.

This date shall be used to determine the nature and characteristics of vikration

fenb—aguipment that will be installed at some fubure date. The dsta shsll contain
lfﬁfbut not be limited to the following information:

- IQi?'S a. Displacement and acceleration tolerance of the equipment.
:32//,//”" b. Mass distribution of the equipment,
¢. Running speeds of any motors, with rotation direction clearly defined,

d. Any out-of-balence forces of all motors.
e. Natural frequency of moving parts.

3.1.3 Electrical.- The rectifier shall operate from an altermating current (AC)
source of power within the following ranges: ' '

a. Potential and phase

(1) 208 volts alternating current (VAC), plus 26V to minus 8V, four wire,
three phase or

(2) 120 VAC, plus 6V to minus 6V, single phase
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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Exhibit RADC-5157

b. Rate of change of voltage - plus or minus 2 percent per second.

c. Frequency - 60 CPS plus or minus 1 CPS,

d. Rate of change of frequency - one tenth (1/10) CES.,

@, Harmomic conbtent - 0.5 percent,

f. Cabling for power lines shall be supplied ms pert of the rectifier.

3.1.4 Relisbility and maintainability.- The rectifier shall possess a mean time
between failures (MIBF) of no less than 500 hours, ,with a mean time %o

repair (MPTR) of no greater than one hour. The RADC Reliability Notebook PB-16189k4
shall be used as a guide in the fabrication of the equipment.

3.1.4,1 Religbility and maintainability analysis.- The contractor shall prepare
an anslysis of the MTBF and MITR of the rectifier, Mean time between failure
shall be determined from fellure rate data glven in the RADC Reliability Notebook
PB161894 or from past failure rates determined from the contractors experience
with similer equipment. Mean time to repair shall be determined from sn analysis
of the meintenance tasks required and the expected frequency of occurence as
shown in Appendix A of MIL-M=26512. Should the ‘analysis indicate the MIBF.or
MITR will not meet the required figures the contractor shall accomplish the
necessary changes to Insure that the equipment meets these requirements.

3.,1.4.2 Service life.- The rectifier shall be designed end constructed to
operate for 4000 hours per year with recommended maintensnce without major
overhaul. (Is defined as any malfunction that constitutes more than 4 hours
down time or 500 dollers' te.repair).

3.2 Performance.- The rectifier shall prepsre high resolution photo trans-
formations free of distortions due to tilt of the aerial camera and technique used, It
shall dccommodate & various input meterials and parsmeters as described below.

The rectifier operates on a principle whereby rectification is accomplished by

a line-scapning technique. The length of each line recording is varied optically
to accomplish scale chenge along the line and change in scale normel to each line is
achieved by varying the rate of line scanning to line recording. A digital decoder
is electrically connected to the rectifier and through a servo system controls the
various elements of rectification. The accuracy of the rectifier shall be such

that the maximum error in position of any point in the rectified print, relative

to the principal peoint as compared to the +heoretically correct positionp shall

not exceed 0.25 millimeter (mm).

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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Exhiibit RADC-5157

3.3 Component construction

3.3.1 Plug-in units.- To facilitate maintinance, ministurized rasplaceable
package units shall be used in the electronic portions of the rectifier, cxeept
where & greater reliability end superiocr service life would result from e
permanently wired constructiom.

3.3.2 Active components.- ALl electronic and control sub-sssemblies of the rectifier
shall bz transistorized where this type of circuiting is practical end feasiblie.

3.3.3 Eculpment protection

3.3.3.1 Stops.- Mechanical and/or elec:ricsl stops shall be provided so
as to prevent damage to the equipment in The event of improper operation.

3.3.3.2 Alarms.~- Visual or aural fuse alarms shall be used to protect
electronic sub-assemblies from demege in *he event of malfunction.

3.3.4 Controls

3.3.4.1 Electrical.- Suitable electrical controls shall be provided and laid
out in such a manner so that they are within easy reach of the operator and can
be easgily located in subdued rocm lighting.

3.3.k.2 Mechanical,~- Mechaenical controls suitable for easy operation shall be
provided for necessary mechanical adjustments and control.

3.3.5 Cooling.- Forced alr cooling, wherever necessary, shall be filtered by
means of replaceable alr filter elements. A guard shall be installed around
the lamp cooling fan. The decoder unit shall have a cut-off switch instalied
so the exhaust fan power is switched off when the door is opened,

3.4 Performance requirements

3.4.1 Input

3.4.1.1 Photography.~- The rectifier shall accept the following types of
transparent aerial photographs:

a., Obligue - couventional single frame and strip

b. Vertical - conventional singlie freme, strip, and panoramic.

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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Exhibit RADC- 5157
3.4.1.1.1 Formats

3.4,1.1.1.1 Width.- The rectifier shall accept all film widths from 70 mm to
9-1/2 inch.

3,4,1.1.1.2 length.- The rectifier shall have a minimum {rame length of 13
inches for 70 mm film end 9-1/2 inches for 9-1/2 inch film.

3.4,1.2 Resulbent tilt angle.- On all types of photography oublined in

3.4.1.1 the resultant tilt angle, including roll, pitch and yaw will not exceed
60 degrees. The amount of tilt shall he predetermined snd presented to the
oparator in textual form.

3.%,1.3 Programuing .- The recbifier shall operaste from a perforated paspsr
tape, sultebly programmed, to perform the rectification operation.

3.4.1.4 Initial setbings.- Initial positions of the motion axes shall be
set by ‘the operator from predetermined date, using suitable manual controls.

3.%4.1.5 Foual lengths.- The rectifier shall accept photography teken with
camera focess lengths from 5 inches to 100 inches inelusive.

3.%4,2 Outpub.- The rectifier shall output corrected aerial photography having a
waiforn scale.

3.4.3 Optical system.- The rectifier shall have an optical system with the
following charsacteristics.

3.4.3.1 Resoclution.- The minimum high contrast photographic resolution,

vhen tested on SO 213 emulsion, shall be 100 lines per millimeter on the axis,
falling to 80 lines per millimeter at 25° off the axis. These results shsll obtain
at the short conjugete at any magnification throughout the range from 1/2 0 9 hines.
3.4.3.2 Megnifilcation range

3.4.3.2.1 Scale.- The range of scale change shall be from 1/2 40 3 at the ilscline,

2.h.3.2.2 Rectification renge .~ The range of combinuously vearylng megoificsbion
shall be three times that of the soale change, resulbing In a total magniiicabion
range of 1/2X to 9X.

3aho3,3, Number of lenses.- Two lenses shall be required to yield bhe desired
performence over the enbire range of l/EX to 9X. The range overlap of these
lenses shall be such so as Yo permit a magnification change of 7 to 1 minimum
without requiring a change of lenses duwring rectification.

4t
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Exhibit RADC -5157

3.k.3.4 Siit projection system.- An iliuminated rectangular siit .005 mm
wide and 324 mm long shall be projected by a gulitable optical system onto the
focal surface of the transparent copy. The degradation cf the projected image
shall be such as to meet the requirements of 3.4.3.1.

3.4.3.4.1 Illuminaticn.- The slit shall be sultably illuminated so that
exposure time is at 2 ninimum. The lamp shall be a high pressure mercury arc
type sultably housed and cooled.

3.4.3.5 Filter.~- In order to compensate for varying exposure conditions the
lens shall be equipped with a suitable neutral density {ilbter system.

3.4.3.6 Optical path length.- The maximum optical path length shall be
2200 mm. '

2.kt Mechanical system

3.b.4.1 Copy carriage.- A copy carriage shall be provided to mount the object
plene, carrisge and illumination egquipment. The carriage shall be traversed by
a servo system so as to fulfill the focus requirements of the rectification process.

3.4.4.2 Object plane carriage.- The object plane carriege shall be mounted

oa the copy carriage and shall sultably mount the photographic negative to be
rectified. The platen shall be attached to the carriage in a positive, easily -
operated system, avolding the designed stud alignment system. The carrisge

shall be traversed by & servo system so as to fulfill the rectification requirements.

3.4.4.2,1 Object plane platen .- The platen shail be transparent and of such
flatness and parallelism so as to hold the copy in a plane perpendicular to the
optical axis.

3.k.k,2.2 Adjustments.- The following adjustments must be provided.

3,k.b,2,2,1 Swing.- Provisions shall be maede to rctete the platen plus or
minus 180° about a point corresponding to the principal point of the arterial
photograph, so as to align the principal line with the coordinate system of the
rectifier. This angle shall be manually set within pius or minus 30 seconds
of arc.

6
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3.4.4.2.2,2 Initial setting.- The initiai position of the nepetive carrier shall
be set by sultable means relative to the principal point to within plus or minus
0.00C5 inch of the required calculated dimension.

3ok.k2.hk Locating mechanism.- Means for locating and positioning the principal
point of the copy negative and the mechanical center of the copy platen to within
0005 inch of each other shall be provided., This fixture shall locate the
principal point of the copy photography by means of the fiducial marks. The
mechanism shall be so designed to ailow removal of the glass stage for cleaning.

3.b.h.2,5 Light protection.- Baffies shall be installed to block stray light
from the light scurce and prevent fogging of high speed films.

3.4.4.2 Lens carriage.- The lenses and filter mechanism shall be mounted on &
lens carriage. A servo system shall traverse the carriage so as to fulfill the
autofocus conditions required by the rectification process,

3okl Recording cylinder mechenism

3ohol b1 Recording cylinder.- The recording cylinder shali be capable of
supporting 36 by 36 inch, 9 by 36 inch and 9 by 9 inch cub fiim. The fiim rhatl
be held to the drum by mechanical and/or rneumatic technigues vhich shall rot
dimensionally or optically distort the copy film.

3.k.k. k.2 Drive motor and speed reducer,- The recording cylinder shalil be driven
at a constant velocity past the exposure point by a motor and greed rzducer
combiration. No cogging or intermittent motion of the corbiilation ie permissible,
The drive combination shall have a controlled spesd variation cf at ieast

+10 percent of nominal.,

3.4.4.5 Servo system.- Separate servo systers sholl Crive the carriage of the
three motion axes with the following chavscierictice.

3okoko5.1 Accuracy.- The dysemic positicual accuracy as compared with the
rrogrammed data shall be:

a, Object distance {p) - vlus or :dnus 0127 mm
b. Image distance (q) - plus or wminus .1000 mm

c. Copy distance (v) - plus or minus 0127 mun

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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3.4.4.5.2 Speed.- The maximim spe=d. of the servo system shall be .5 inches
rer sszoond under manual control.

3.4.k.5.3 Input.- Input to the servo system shall be elactiical cignais foom
a digltal decoder.

3.b.4oh Digital decoder.~ The rectifier shall be provided with a suitably desigrel
digital decoder unit, to control the servc mechanisms.

Selio k6.1 Inputs.- Input to the digiial decoder shall Le on 7 letel perforated
tape, similer to that prepared by an RCA 501 computer. The prograrmed Information
punched into the tape will provids point o polnt digital rositioning instructious
for three axes pius:

a. Identification nunmber of copy

b. Initial positicning of each axis.

3.4,4.6.2 Outputs.- The outputs shall be electrical signals suitable for
inputs to the servomechanlsm controlling the motions of the thiee axes.

3.4.4,6.3 Axes.- The decoder shall accept the inputs and provide ocutputs
for the following three axes of motion of the rectifier.

a. Copy pleten - 1k inches, total travel
b, Lens position - 60 inches, total travel
C. Object distance - 55 inches, total travel

3.k.4.6.4 Operating speeds.- The maximum operating speeds of the three axes
shall be:

a. Copy platen = 0.2 inch per second

b. Lens position - 0.3 inch per secord

¢. Object distance - 0.05 inch per second
The rectifier shell be capable of two-speed vperation. The low speed operation
shall be used for high resolution output as outlined in 3.4.3.1. Tae high
speed operation shall be used Ffor low resolution output and will have a speed

three times that of the high resolution operation.,

8
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2.b.4,6.5 Clock.- Timing of the decoder and rectifier shall be obtained
from the AC Iine.

3.4.4.6.6 Checking.- In order to reduce the probability of undetected errors,
parity checking shall be employed. When perity is not cbteined the mactine shail
shut itself off, Parity shall be, selectively, odd or even.

- 3.4.4.7 Base.- The various elements of the rectifier shall be mounted on a basic
structure, so as to minimize all vibration propagation from the mechanisms.

The supporting structure of the base shall be designed, so as to provide ducting
to guide forced air, to cool mechanical and electrical components wherever the
need of this cooling is indicated.

Jehok.8 Linkeges.- The linkages between intra-connected components shali be of
the highest quality. Backlash, or lost motion, shall be 0.0002 inch maximim,

3.4.4,9 Interior lighting.- Interior lighting of the rectifier shall be

provided so asg to facilitate set up by the operator. The light shall be agtomatically
turned off when the unit i1s operational. This inciudes s safelight within the

portion of the housing containing the recording cylinder.

3.4.4,10 Operating time.- The maximum operating time to produce a 36-inch
wide recording shall not exceed 12 minutes.

3,4.5 Information outputs.- The following is a description of output information
from & computer which shall be introduced in progrem form, on punched paper
tape, into the rectifier.

3.4.5.1 Transformation equetions.~ The following are the rectification equations
for transforming the various types of photography outlined in 3.4.,1 where

V - distance in scan direction on recording

\

surrace speed of recording cylinder

<
i

distance in scan direction on copy

<
1

surface speed of copy platen

ct
]

resultant tilt angle of vehicle

n - Nodel separation of rectifier lens

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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£

F

e

Ho

focal length of ceamera lens

focal length of rectifier lens

Scale change of reztification

lens to recording cylinder distance

Velocity of lens carriage

- Copy platen to recording cylinder distence

velocity of copy carriage

3.k,5.1.1 Oblique single {rame photography

3.4.5,1

10

n[J

L]

=

v

Vf cos 2t / Sf + Vsin t cos t

FrSf + 1
L£ cogs t - v sin ©

= F (Sf +Fcos Tt ~veint) +n
SE(f cos t - v sin %)

= V. (f cos t - v sin t)2
§t2

SF\} sin b
,i'l

BE - (f cos t - v sin %)@ :‘
Sd fE .

.2 Strip photography

[}

=yf cos 2+_‘,
Sf+Vsintcos t
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v =V (cos t - v sin 1:)2
STe

B=F (8 + 1)

L=F (B +1%+n

]

3.4.5.1.3 Vertical panoramic photography

v

<o

[+ 1Y

™=

3.4k.5.2

that the computer must mske.

f tan --1(1 )
ST
V cos? v
] T
F[ 5
cos (v/f) +1

_\717' sin (v/f)

£

FS + cos (v,/’:“)2
S cos (v/T)

\}FL sin (v/f) [Sa - cos (V/f)]

Corrections.- The tollowing are the corrections to the rectifier equations

3.4.5.2,1 Barth curvature,- The computer shall adjust for the effects of earth
curvature when computing copy speed by vse of the approximation

h

where b
figures)

52
2R

= departure of the earth from the detum (computed to four (L) significant

5 = distance from the point of tengency of the datum

R = earth radius,

11
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3.4.5.2,2 Atmospheric refraction.~- The computer shall cocrect for the effects
due to total atmespheric refraction. The atmospheric mcdel for this computaticn
shail be that contained in The ARDC Model Atmosphere, 1959, Air Force Surveys
in Geophysics 115, Geophysics Research Directorate. AFCRD, ARDC, August i959.

3.4.5.2.,3 Film shrinkage.- Corre:ztion for film shrinkage distortiqﬂ shall
be entered for each of the "B" and "v" values respectively and independently.

b, QUALITY ASSURANCE PROVISIONS

h.i The supplier is responsible for the performence of all inspection requirements
as specified herein. Except as otherwise specified, the supplier may utiiize

his own or any other inspedtion facilities and services acceptable to the
Government. Inspection records of the examination end tests shall be kept complete
and available to the Government as specified in the contract or order. The
Government reserves the right to perform any of the inspections seb forth in the
specification where such inspections are deemed necessary to assure supplies

and services conform to prescribed requirements.

4.2 Classification of tests.- The inspection and testing of the rectifier shall
be classlified as acceptance tests.

4.3 Acceptance testing.- The rectifier shall be subjected to acceptance tesiing to
determine complience with the requirements of this exhibit. The acceptance tests
ehall consist of @ '

a. Prelimirary acceptance testS.........(See 4,3.1)
b. Final acceptance test8essssssecsscsss(SeE 4.3.2)

4,3.1 Preliminary acceptance tests.- The preliminery acceptance tests shall

be conducted by the contractor at the contractor's plant and witnessed by
authorized representatives of the procuring activity. The preliminary acceptancs
tests ghall consist of the following tests as described under L.k "Test methods”
of this exhibit: '

a. Mechanical inspection testS.oeesosc..(See b.l.1)
be Electrical test8,ccccsvcancesssnssoos(Se 4.4.2)
c. Performence testS..ccocasscscscoscsssl(See 4.4.3)
d. Reliability testSoccaesscososcsncscsolSes 4.h.k)
e, Maintainebility 1est8.csscescscacsssociSee Lol.5)

iz
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k.3.1.1 Preliminary acceptance test report.- After the contractor completes
the preliminary acceptance tests, he shall prepare a preliminsry acceptance
test report according to MIL-STD=-831 and furnish three complete coples of the
report to the procuring activity.

4.3.2 Final acceptance tests.- The final acceptance test will be conducted
by the Government using Government Personnel and facllities. The final
acceptance tests shall consist of all tests described under 4.4 "Test methods".,

4,3.3 Previous acceptance or approval.- Previous acceptance or approval
of material by the procuring activity shall in no case be construed as a
guarantee of the acceptance of the finished product.

h.h Test methods

L,4k.1 Mechanical inspection tests.~ The rectifier shall be given a thorough
mechanical and visual inspection and test to determine that the quality of all
materlsls and workmanship is in compliance with the requirements of this exhibit.
Particular attention shall be given to the following:

a, Completeness

b. Nameplates, identification markings and labels

¢. Ease of operation of gears, adjusteble and sliding parts, thumb
screws, controls and switches.,

d. Finishes

g. Welded jJoints

f. Check of solder joints

g. The fit of components in their respective positions

h. Check of mounting mesns

i. Check of lubricaticn and rust prevention

Jo Check of safety features and interlocks’

k. Loose fastening and securing devices or parts

l. Accessibility of comporents and parts for servicing

m. Cseble runs betweéen components including plugs and receptacles

n. Grounding connections '

0. Over-all fSimensions check

p. Weight check

q. Other visual defects.

13
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Exhibit RADC-5157.

h.h,2 Electrical tests.- The rectifier shall be given a thorough elcctrical test
to determine that all circuits are Inherentiy sound and that the overall
rerformance of thz electrical components is in complizance with the requirements
of this exhibitv. The electrical tests shall include at least the following:

&, The operating voltages at all important points shall be checked
for conformence with those shown on the circuit iabelis and related schematic
dravings. This test shall be accomplished with all controls set for first,
winimum and then, maximum operaticn.

b. Each control button, switch and indicator shall be tested to insure
that it performs its assigned operation or Ffunction.

C. The rectifier servo system will be tested to insure that it wilii foliow
the input commands accurately.

L.4.3 Performance tests.- The rectifier shall be given a thorough prerformance
test by means of precomputed - probiems to determine complilance with the
requirements of this exhibit.

bl Reliability tests.- The rellability of the rectifier shail be demonstrated
by the operation of the rectifier for no less than 10C0 heurs. The rectifier sheili
be accepted as meeting the required MTBF if no more then cne fallure occurs

in this interval,

4, h.s Maintainablility tests.- The maintainability of the rectifier shall be
demonstrated in accordance with the method described in Appendix A of MIL-M~-26512,
no less than 30 repair actions shall be simulated,

>« PREPARATION FOR DELIVERY

9.1 Preparation for delivery shali be in accordsnce with instructions from the
procuring activity.

6. NOTES

6.1 Intend use.- The rectifler covered by this exhibit is intended for uze 4o
produce photographic copy from original aerial negatives containing kncwn dew;
of tilt from a vertical axis. Oblique freme, strip, and panoremic rhotographs
can be accommodatcd, producing o new copy free from displiacement due %o Lilt and
format curvature.

AJN/acs
ik
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Report Mo, SME-AA-76
15 March 1962

RECTIFIER PROGRAM R1

14,0 - Basic Flow Diagram

Paper Tape Input

' Compute

Punch
and Copy

High Speed

Teinporary
Output Tape

Printer Output |

i-
<
-

\,_/“"‘\

Paper Tape.
For Rectifier

14-1

™ Permanent
" Rectifier

Library Tape
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14,1 INTRODUCTION

This computer program generates a punched paper tape
which drives the servos on 'the_electro-optical rectifier. The rectifier
processes oblique frame, strip and vertical panoramic photography.

It works on the principle that al‘nll lines perpendicular to the principal
line have a constant scale (neglecting the effect of tefrain relief),

The swing angle is set prior to rectification, so that the\principal

line is perpendicular to the scanning slit. See Figure 1. As the copy

is moved past the slit, the sca;xned information is projected to a
recording cylinder by a high resolution imaging lens. The rate at which
the copy is scanned is controlled by the paper tape to correlate with

the constant rate at v;'hich the recording cylinder is rotating.

The computer program calculates the position and velocity
data required by the rectifier servos for each scan. The following
basic terms are required:

v, the position (rectangular coordinate in

inches) on the recording cylinder.

Vv, the constant velocity of the recording cylinder.

v, the position (rectangular coordinate in inches)

of the "line'" to be projected.

v, the velocity of the copy platen carriage in the

direction perpendicular to the slit.

14-2
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Ay the change in v from one scan to the next.

B, the distance between the lens and the recording
cylinder,
B, the velocity of the lens carriage along the

optical axis,

AB, the change.in B from one scan to the next,

L, the distance between the copy platen and
the recording cylinder.

L, the velocity of the copy carriage along the
optical axis,

Al',, the change in L from one scan to the next.

T, the position of the variable density filter.

The procedure for rectification requires that the initial
position of the copy platen, Vos» be input to the computer program.
The other initial positions (Vo B,, L, To) are computed and printed
for use in the initial coarse adjustment of the rectifier carriages.

The computer then proceeds to "scan'' the copy and punch the paper

tape which will drive the servos to the computed positions.

14-4
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14, 2 InBut

The input te this program consists of only two messages
for each photograph which is to be rectified.
1) The identification message, which will be written
to the Monitor Printer and the magnetic tape.
2) The input data message:
{Ver V¢, t, S, f, h, R, TD, AD, AV, \./, T,, photo size>
where,
Vo {inches);  the initial (maximum) position
of the copy platen.
vf (inches); the final position of the copy platen.
t (degrees); the resultant tilt of the photograph.
S the scale change fr<‘>m the original

photo to the rectified photo.

f (inches); the focal length of the taking camera.

h (N. M, ); the height of the camera station above
the ground,

R (N.M, ); the radius of the earth at the latitude

of the photograph.

14-5
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TD ; the average of the measurements
across the fiducial marks on the copy film.
AD ;  the average of the measurements across
the same fiducial marks on a theoretically
non-shrink base,
AV (inches)ithe increment of V, i.e., the distance
between scans on the recording cylinder.
(AV is a positive number)
\% (inches/sec); the constant velocity of the recording
cylinder.
Ty the transmission input,
Photo Size (inches); the size of the photo which is
to be rectified.

The input message must contain 13 quantities, There are
several instances, however, in which dummy input may be inserted,
The tilt of the photo, t, is not required by the panoramic program;
the radius of the earth, R, is not required when the corrections for
earth curvature are not needed, i.e., if h < 50, 000ft (8. 2t N, M., );
the photo size is not required if the initial and final magnifications
clearly indicate which rectifying lens will be used. All other quantities

are always required.

t

, 14-6
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14. 3 Oblique Frame Photography

The computations for each type of photography may be
divided into two sections; the first part is computed only once for each
photograph, the second part is an iterative loop computed many times
for each photo. The procedure for oblique frame photography involves
the following computations.

A, Preliminary Calculations

1. Breakpoint 0 must be set for oblique frame
photography.

2. The input is read and the tilt is checked, If
t <3°, no rectification is required; ift >60°,
rectification is not pessible.
Thus, in order to continue,

. 3°<t<€60° (1)
3. A correction is applied to the focal length of the

taking camera to adjust for copy film shrinkage,

TD

f corrected = =D £ input (2)

This corrected value of f is used in all subsequent
caleulations involving f.
4. The initial and final values of the optical

magnification of the rectifier lens are calculated.

14-7
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1



STAT Approved For Release 2005/02/17 : CIA-RDIE@PQM@?%@EQ%RQ%&

1% March 1962

Mo = 5t - (3)
fcost-vo sin t
M, = - Sf
fecost - visgint (4)
5. These magnifications must satisfy the conditions,
B MysM 59,0 (5)
o

If they do not meet these requirements, the program
stops at PES and a new value of S must be used as
input.
6. The proper rectifier lens is determined. Two lenses
are available, with focal lengths of approximately 7. 85' and
14",

If M_>4.0 (6)

If M, < 4.0
M;< 1,3 (7)
the 14" lens is used,
If M,< 4.0
Mg >1.3 (8)
either lens may be used, and the choice depends on

the size of the photo; if the photo size is less than

14-8
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7', the 7.85' lens is used; if the photo size is
equal to, or greater than 7", the 14" lens is used,
If
/

M0 > 4

Mg >1.3 (9)
the photo cannot be rectified with the given input, and the
program stops at a PES. Such a photo may be rectified in
two parts; each section must be treated independently both in
the computer and in the rectifier.
When the proper rectifying lens has''been determined, two
additional quantities, which are functions of the lens, are

specified; 7( » the nodal separation of the lens, and f,» the

ratio of F' to the diameter of the aperture. The quantity C
nl

which is used in the calculation of the position of the variable

density filter, is calculated.

_ ILTy ¢

Cn = . 2 \
Ef, (10)
where I, t', and E are program constants.
The height of the photograph is compared with hr’ a program
+

constant equal to 50, 000 feet (8.2 nautical miles). If h « h_,

it is not necessary to correct for earth curvature; if h’>hr. the

corrections for earth curvature are required.

14-9
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8. The initial position of the copy platen, v,, is given

as input, The corresponding initial position of

the recording cylinder, Vo’ must be computed,

a. Forh<h

r‘
Vo } Vo S f
f cosl ¢ - v, 8in tcost (11)
b. Forh>hr,
- SR¥ -
Vo = 2RI (6,- g, (12)

Where

=1 R +h .
= sin ————t sin t -t 13)

60 = sin” [__R__Jﬁ__}_’ sin(qﬁo + t):l~(¢o ) (14)

R
-1 Vo
= tan
CDO T“ \(15)
B, Iterative Calculations

The following formulae are evaluated until the entire
photograph has been scanned (Vk < V¢), or until 3600
scans have been completed.

1. Given the position of the record-ing

cylinder, Vk' calculate the corresponding

position of the copy platen, v+ and the

velocity of the copy platen carriage, {rk.

14 - 10
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a. Forh<h
rl
Vk f cos Zt
Vk - .
Sf+V, sintcost (16)
2
’ v
{’k =_.g_[cost-—fl-(—sintJ (17)
b. For h > h,.,
Vi = ftan (18)
’
where
-1 R sin G
¢k = tan k -t (19)
h +R (1 - cos@k)_t
o, = h vV, + 9 (20)
k SRf k p
- - h V 2
v - —_— (1l -t
k S R ( 20 ¢k)
{ 2
) [h +R (1- cos ek)] [R cos ek] +R% gin §
. 2 ' (21)
[h + R (1- cos ek)] + R?% gin? O x
2. Calculate the distance, Bk’ between the lens and the
recording cylinder for this scan. Also calculate the
velocity of the lens carriage along the optical axis.
B, = F f S +1.0
f cost - Vi sin t (22)
E - ‘-I'k F S¢ sin t
k (23)

(f cos t - vy sin t)'ﬂ

14-11
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3, Calculate the distance, Lk’ between the copy platen
and the recording cylinder. Also calculate the

velocity of the copy carriage along the optical

axis.
B, 2
L = _Zk 4+ 7? (24)
k B -F
k .
i BB (By-2F)
L Z
L (25)
4, Calculate the position, Tk’ of the variable
density filter for exposure control.
T, = ©n
k s
[f ! - + 1. 0} 2
cos t - vy sin t (26)
5. The changes in the velocities, (Av, Aék’ ALk),
are computed.
Avy, = Vy - V
Yk T Yk T Ve (27)
Al = Ly -y (29)
when k = 0, the servos are given the initial velocities,
Avo =V (30)
AB, = Bo (31)
AL, = L (32)
14-12
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in order to give the carriages the initial

velocities to which subsequent changes may

b/e applied.
6. The quantities,

Vie &%, By, ABy, 1., AL, Ty

are coded into the message required by the rectifier.
7. The position of the recording cylinder for the next

scan, Vk#—‘l’ is computed.

=V, _
Vi = Vi - AV

k (33)

14. 4 Strip Photography

The procedure for strip photography is nearly identical to that

for frame photography, and only a few of the formulae are different,

A, Preliminary Calculations

1. Breakpoint 2 must be set for strip photography.

2. The input is read and the tilt is checked (eq. 1).

3. The focal length of the taking camera is corrected
(eq. 2)

4, The initial and final magnifications are computed
(eq. 3, 4).

5'. These magnifications are checked (eq. 5).

6. The proper rectifier lens is determined (eq. 6, 7,

8, 9) and C_ is computed (eq. 10).

Approved For Release 2005/02/1I%-:18IA-RDP78BO4770A001400040003-1
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1

7. The height of the photo is examined to determine
whether or not the corrections for earth curvature
are required.

8. The initial position of the recordirg cylindg'f, Vo’ is
computed (eq. 11, or 12, 13, 14, 15).

9. The distance between the lens and the recording
cylinder, B, is constant for the entire photo in
strip photography.

B=F(S+1.0) (34)
Thus for the velocity of the lens carriage,
B=0 (35)

10. The distance between the copy platen and the
recording cylinder, L, is also constant for the

entire photo in strip photography.
= 1
L=BI(l _S_) + 7? (36)

Thus for the velocity of the copy carriage,
L=0 (37)
11, T, the position of the variable density filter
for exposure control, is also constant for the

entire photo.

T = Cn
(S + 1.0)2 (38)

14-14
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12,

The changes in the velocities of B and L. are zero.

Aé = AL =0 (39)

Iterative Calculations

The following procedure is followed until the entire photo-

graph has been scanned (vy < v¢ ), or until 3600 scans

have been processed,

1,

Given the position of the recording cylinder, Vk'

calculate the corresponding position of the copy
platen, vy, and the velocity of the copy platen
carriage, vy, (eq. 16, 17, or 18, 19 20, 21).

The change in velocity (Av ) is computed (eq. 27, 30).
The same quantities,

Vio &v,, B, AB, 1, AL, T,

k*
are coded into the message required by the

rectifier. There is no change in the format of the
message and all seven quantities must appear in each
message, although only Vi and A\'rk are varying from
scan to scan,

The positien of the recording cylinder for the

next scan, Vy.), is computed (eq. 33).

14-15
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14.5 Vertical Panoramic Photography

The following procedure applies to vertical,panoramic
photography. Tilted panoramic photos may be rectified in two steps

by first processing them as oblique frame (to remove the tilt) and then as

vertical panoramic.

A, Preliminary Caleulations
L. Breakpoint 4 must be set for panoramic photography.
2, The input is read and the correction is applied to

the focal length of the taking camera,

fcc:rrec:ted = % finput (40)
This corrected value of f is used in the subsequent
calculations.
3, The panoramic sweep angle, volf, is computed and

tested. The condition

Vo

f
must hold for rectification.

<60° (41)

4. The initial and final values of the optical magnification
of the rectifier lens are calculated,
M, = S (42)

M, = S/2 (43)

14-
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5. These magnifications must satisfy the conditions,
<
.5 € My, Mo < 9.'0 (44)

M is obviously less than M.
If equationg’ 44 are not satisfied, the program stops
at a PES and a new value of S must be used as input,

6. The proper rectifier lens is determined in the same
manner as for oblique frame photography (eq. 6, 7,
8, 91. C, is also calculated (eq. 10).

7. The height of the phogograph is compared with
h, (as in oblique frame photography) to determine
whether or not the corrections for earth curvature
are required.

8. The initial position of the copy platen, v, is given
as input. The corresponding initial position

of the recording cylinder, V,, must be computed.

a. For h < hr,
V, =£Stan Vo
£ (45)
b. Forh > hr-
v_ = SRf sin-1{ R+ h Vo | | Vo
° Th R °in 3 £
(46)

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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The following procedure is followed until the entire photo-

graph has been scanned (v <« Ve¢), or until 3600 scans have

been processed,

1, Given the position of the recording cylinder, Vi

caleculate the corresponding position of the copy

platen, v, , and the velocity of the copy platen

carriage, \'rk.

a. Forh < hr
Vi =1 tan_l( Vk )
£S (47)
ik = _ VY cos? Yk
I (48)
b. Forh > hr,
h V
1 in k
vk = f tan' SR f
R +h Vi
- tos
L R SRf
(49)
- { R+h t:oshvk - 1.0
v, = hV R SR f{
k SR = — 2
th cos _h_lL_
R SR f
(50)
2. Calculate the distance, Bk » between the lens and the

recording cylinder for this scan.

Also calculate the

Approved For Release 2005/02M¥ - J®AA-RDP78B04770A001400040003-1
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velocity of the lens carriage along the optical axis.

8
B =F | —g— +tL0
k cos _K (51)
f
. v
FS Vi 8in ..i_l.(_
Bk =
v
f cos? K
3 (52)
/
3, Calculate the distance, Lk’ between the copy

platen and the recording cylinder. Also calculate the

velocity of the copyzcarriage along the optical axis,
By
Lk = —yTF + T] (53)
k
Bk Ek (B - 2 F)
(By - F)* (54)

4. Calculate the position, Ty, of the variable density
filter for exposure control,
Tk = n

S 2
[;';;—‘71? +1.0
f (55)

5, The changes in the velocities (Avy, ABk, Ai—’k ), are

computed as in oblique frame photography (eq. 27,
28, 29, 30, 31, 32),

6. The rectifier message is formed as in frame photography.

14-19
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7. The position of the recording cylinder for the
next scan, Vk+l is computed as in frame

photography.

14-20
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14,6

Schematic Flow Chart - Program R 1

T S N e et ~~_._1
Determine which type of photography is being
considered and do the appropriate housekeeping.

Calculate the initial and final magnifications and
determine which lens the rectifier will use,

Determine whether or not corrections for the
earth's curvature must be considered and do the
appropriate housekeeping.

v 4

Calculate Vo' the init;al position of the

recording cylinder,

5

Given Vk' a position on the recording

cylinder, compute Vk, the copy platen

position, and x'rk, its velocity.

J 9

Determine Vk+l for the next

scan, \
11
>0 3600 scans
completed. STOP

14-21

b6 12
Test vy and Ve qak_@szf_q‘ Photo Complftgd
Vk & V¢ 7 213
Compute By, Bk: Ly Lk- T Punch a paper tape
. from the magnetic
Compute A\'rk, ABk, ALy tape. Check parity
on the paper tape,
; R Copy the results
Code the message for the rec- from the output tape,
to the rectifier
tifier and write it to magnetic library tape,
tape,

14
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14. 7 General Procedure of the Program

The three types of photography are treated in a similar
manner in the program, with the eQuations varying with the type of
photography. In the schematic Flow Chart, the general procedure for
- any type of photography may be followed. )

(1) The program det‘ermines, by breakpoint settings,
which type of photography is being processed, and
it performs the initial housekeeping. The input is
read and the tilt (t), or the panoramic swing angle
(vo/f), is checked for machine limitations.

(2) The initial and final magnifications are calculated
and the proper rectifying lens is determined. If
either lens may be used, the size of the photo
deterzﬁinea the proper lens.

(3) The input value h, the height of the photograph, is
compared with h, a program constant. If h < hy,
it is not necessary to correct for earth curvature;
ifh > h,, the corrections for earth curvature are
required. The appropriate switches are set depending
on the value of h.

(4) Using the input value of Vo, the position of the copy
platen, the value of V., the initial position of the

recording cylinder, is calculated.

14-22
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The program is now ready to start the iterative loop, which

will be continued until the entire photograph has been processed, or until

3600 scans have been completed.

(5.)

(6.}

(7.)

Given V), the position on the recording cylinder
for this scan, the program computes vy, the
corresponding posi}:ion on the copy platen for this
scan. The formulae used vary with the type of
photography and the height of the photograph. The
velocity of the copy platen carriage perpendicular
to the slit, ‘l’k' is also computed.

Vk is compared with v¢, the input value for the
final position of the copy platen. If vi < vy, the
photograph has’been completely processed in less
than 3600 scans. Control is transferred to (13).

If viy = v¢, the remaining quantities for this scan
are computed: By, Bk: the position and velocity
of the lens carriage; Lk' f‘k’ the position and
velocity of the copy carriage; and Ty, the position
of the variable density filter for exposure control.

The changes in the velocities, 4wy, ABk, and AI:.k,

are then computed.

14-23
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(8.) The following quantities,

AB,, 1

Vk' Avk, Bk' x L

AL,, Ty,
are processed into the forrﬁat required on the paper
tape for the rectifier, The message for this scan is
written to magnetic tape.

(9.) The value of Vk+1'- the position of the recording
cylinder for the next scan, is computed.

(10.) When 3600 gscans have been processed, control is
transferred to (13). Until this time, control
returns to (5) to compute Vi for the next scan.

(13.) In most cases, the entire photograph has been
processed. In some cases, however, 3600 scans
have been computed, but the photograph is not
completed. In either case, the message for
each scan has been written to magnetic tape,

Now the entire set of messages is punched on
paper tape, the paper tape is checked for parity
errors, and, if the tape is satisfactory, the
output (photo identificatton and scan messages) is
copied to the rectifier library tape for permanent

storage,
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14. 8

Format of the Punched Paper Tape

The three carriage positions, (v, B, L), the three

changes in velocity (Av, AE, AI:.), and the position of the variable density

filter, (T), are calculated for each scan of the photograph. These seven

guantities are in floating point format when they are calculated and they

must be transformed into binary integers and-punched on a paper tape

which will be interpreted by the digital decoder of the rectifier.

A,

The carriage positions (v, B, L) are transformed into

12 binary bits. This is equivalent to an accuracy of . 0002
inches. This is exactly 2 rows on the punched tape and

can be expressed as 4 octal digits. Therefore the positions
must be transformed into octal integers between 0 and 7777.
The carriages are coarsely positioned, prior to rectification,
using the initial positions which are calculated in the program
and written to the Monitor Printer. The punched paper tape
thus requires only the fractional part of the positions in each
scan message., Thus if we say that each quantity (v, B, or 1)

/
is composed of an integer part (which may be zero), and a

fractional part, we have

(56)
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Thus we may say that on the punched paper tape,

MR . (57)

The program drops the integer portions of the 3
positions and retains only the fractional portions which
are still in fleating 1point: format. The positions B and L
must always be positive, but v can be either positive or
negative., After dropping the integer portions we have,
|vl, B, L<1.0 (58)
The three fractional positions are now changed to fixed
point and multiplied by 4095. The results are rounded
to the nearest integers, so that
0 =< |v|l, B, L < 4095, (59)

These decimal integers are converted into octal, so that

0 <lvl, B L < 77774 (60)

The 4 octal digits for each position are punched on the paper

tape as 2 rows of 6 binary bits each,

If vis a negative number, its value is complemented before
being punched. This is the 10's complement if equation 58

is considered, the 8's complement if equation 60 is
considered, or the 2's complement if the 12 bit binary integer

is consgidered.
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The change in velocity data (Av, AE, Al) are not required
to as much accuracy as the position data, and are given
only 6 binary bits each. This is exactly 1 row on the
punched tape and can be expressed as 2 octal integers.
Therefore, the delta velocities must be transformed into
octal integers between 0 and 77.

Before the delta velocities are transformed into octal
numbers, ''velocity constants'' are introduced. In other

words, Av, AB, and AL are multiplied by a factor, K,

-the purpose of which if to increase the range of these

velocity changes, so thé,t the expression,

o < lavl , laBl , laLi<1.0 (61)
is a realistic equation.
Forcing the quantities to span the entire range from zero to
one increases the accuracy of the final binary result which
has an accuracy of - 016 inches/sec. The K value now
being used for Av, Aé, and AL is 50, (the 3 velocity changes
are basically less than . 02). It is likely that experience in
the rectification of actual photographs will indicate a change
in this constant for one or more of the velocity changes.
These modified velocity changes may be either positive or
negative and are still in floating point format. They are now

changed to fixed point and multiplied by 63." The results
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are rounded to the nearest integer, so that

o < lavl, laBl, lai]= 63, (62)

These decimal integers are converted into octal, so that

o= lavl, lagl, lafl= 17
8 (63)

The 2 octal digite for the magnitude of each of the changes
in velocity are punched on the paper tape‘ as 1 row of 6
binary bits. ‘
The signs for these quantities are translated into 3 binary
bits (1 indicates -, 0 indicates +) which are also punched on
the paper tape.

C. The position of the variable density filter (T), which controls
the exposure is given in 7 binary bits. This is equivalent to
an accuracy of . 008 of a revolution of the filter. This is 1
row plus 1 bit (on the next row) on the punched paper tape
and cah be expressed as 3 octal digits (the first of which is
a 0Ooral) Thevalue of T is transformed into an octal integer
between 0 and 177. |
Since T represents a fractional part of 1 revolution (360°)

it holds that

0= T<1.0 (64)
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This value is multiplied by 127 and rounded to the nearest
integer, so that |

0=T = 127, (65)
This decimal integer is changed to an octal integer,
such that

0 T=< 1774 (66)

T can now be expressed as a 7 bit binary number.

The first 6 bits are punched on one line and the last

bit is punched on the next line, followed by 2 positions
which are not used, and then the 3 sign bits for the

delta veloc/itiee. It must be stressed here that this
binary integer must not be treated as the other 6
quantities in regard to the transformations from octal

to binary and vice versa. When the length of a binary
number is divisible by 3 (as in 12 bits for ¢, 6 bits for Av),
it is possible to translate binary to octal starting with the
3 left-most digits. The proper way, however, for any
length binary integer, is to start the right and work

backwards. Thus the array,

010 110
1XX

i}
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must not be read as 264 (the X's are the 2 unused bits and
would appear to be the 0's on the tape), but rather the
correct value of T is 055, If it should be necessary
to punch this nﬁmber in the required format, the
following procedure may be used:

1) write the number (55) in binary, 101 101

2) add 2 zeros to the right hand side, 1010100

3) add leading zeros to make 9 bits, 010110100

4) transform into a 3 digit octal number 264

5) punch these numbers on tape

0;0 110
100
D, Consider the following quantities as a set of results which must
be formed into a scan message for the rectifier.

v = -1,5682
A = -, 00921
B =31,0759
AB = . 00158
L = 42,7476
AL = -, 00572

T =.213

.
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After the integer parts of the positions have been dropped

and the ''velocity constant" of 50 is introduced, we have

v = -,5682
AV = -. 4605
B =.0759
AB =, 079

L = ,7476
AL = -, 286
T =.213

These values are now multiplied by the appropriate scaling
constants (4095, 63, or 127) and the results are rounded to
the nearest integer.

These decimal integers are then changed to octal and then to
the proper number of binary bits, Since v is negative, its
value ig complemented. ( The binary result would be the

same if the 10's complement had been used, i.e.,

v = +. 4318)
(+3351)

v o= 22327 = -4427 = 011 011 101 001

lasl = 29 = 35 - 011 101

B = 0311 = 0467 = 000100 110 111
[aBl - 05 = 05 = 000 101
L = 3062 = 5766 = 101 111 110 110
laLl - 18 = 22 = 010 010
T = 027 = 033 = 0 011 011
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The signs of the 3 velocity changes form the binary number
101

This data would appear on the punched paper tape as in

Figure 2, with a start message preceding v and an end

message following the sign bits. Parity, the left bit,

is even on paper tape. Note, especially, the manner

in which T is punched.

The rectifier carriages are coarsely positioned, prior
to rectification, by the operator using the positions
written to the Monitor Printer in the computer program.
It has been determined that a special initial message should
be formed to fix the exact initial positions of the carriages
before the initial velocities are introduced. Thus, the
very first message written to magnetic tape {(and punched on
paper tape) will contain the initiial positions, but the delta
velocities will be zero.

vge O, Bo' o L, 0, To'
The second message on the tape will be the normal message

for k = 0, in which the velocities themselves will appear

(see eq. 30, 31,.32)
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All subsetuent messages will be as previously
described. The last message is followed by an

ED,
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14.9 OQutput

A. Punched Paper Tape
This is the primary output of the program. The tape contains up to
3600 scan messages in the format described in section 14,8. The last message
is followed by an ED, The computer program includes a procedure for
checking parity on this tape.
B. Monitor Printer
The photo identification and the photo input are written to the Monitor
Printer after they are read. The initial rectifier settings (Vor Vor Bos L,
To) are written é.fter they have been computed. The proper rectifying lens is
also written to the Monitor Printer, as are operator instructions and messages
accompanying any programmed error stop.
C. Magnetic Tape
As each scan message is formed, it is written to a magnetic tape,
on which the photo identification has also been written. After the last scan
message, and ED is written. This magnetic tape is used to punch the paper
tape, and then the contents of the tape are copied to the end of the rectifier
library tape for reference if the paper. tape for this photo should ever need
to be repunched.
D. High Speed Printer Output
If breakpoint 1 is set, a hard copy output is obtained on the High

Speed Printer. There are 6 lines of printing for each scan message.
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1.

Line 1 contains those quantities which are not coded for the
rectifier, but which have been calculated; Vy, Vies Vieo1o Bk,
Bk-l' i“k' Lk-l' These quantities é.re printed in floating

point format,

Line 2 contains thoge quantities which are to be coded for the
rectifier; vy, Ay, By, ABk, Ly, ALk, Tx. They are printed
in floating point format, These 7 quantities are printed on all
the remaining lines in the various steps of the rectifier coding
procedure,

Line 3 contains the fractional portions of the positions (vics By,
Lk, Tk) and the changes in velocity after the introduction ' of
the velocity constants. The ge values are algo in floating poixgt,
Line 4 contains the fixed point equivalents of line 3.

Line 5 contains the sarr-ze quantities after having been multiplied
by the sealing constants (4095, 63, or 127). The integer portion
of the number will be changed to octal (i.e., .5 has already been
added for rounding).

Line 6 contains the octal value of the binary integers which have

been punched on the paper tape.

If breakpoint 1 is not set, the only printer output occurs if any of the velocity

changes exceed 1,0 after the velocity constant has been introduced.
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14.10 Operating Instructions

The first part of the operating instructions would be common to any

program but is repeated here so that the operator can develop the proper

housekeeping techniques.

1.

Mountt a work tape, with a ring, on tape station 10. Mount a

cepy of the permanent library store tape, with a ring, on tape

station 20. If for any reason tape station 10 is not in operating

order, the console operator should read memory at 00 12 10 and

place the number of a working tape station in the last two digits,

If tape station 20 was not in operation order the operator would

read memory at 00 12 20 and place the number of a working

tape station in the last two digits.

A TLT library tape should be mounted on any other available

working tape station (with no ring),

The operator should type up the following paper tape message.
< #1000 R1 00 @ FL >

Clear the computer memory.

The operator should now block read forward into 130000 from

the TLT library tape station, set the "P'"register to 13 00 00,

set an ""X1'" status level and depress and release the start

button., The above operation will bring in the rectifier program

from the TLT library to the computer memory,
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10.

11.

The operator can now depress and release the start button
which would automatically place the computer to the f'irst
instruction of the rectifier program. The operator could also®
have placed in the ""P'" register the machine address of 00 50 00
which is the first instruction of the rectifier program.

The monitor printer will now print out.

"Program Rl. -Lyon - Dobbs"

'""Rectification of Oblique Photography"

""Set Break Poi;lts as follows - Frame .BPO-Strip BP2-Panoramic
BP4",

The operator will now set one of the three break points in order
to rectify the given photograph and hit the start button.

As a check the monitor printer will now print out the type of
rectification program that will be used.,

The monitor printer will now print.

"Mount paper tape with photo I.D. "

The photo identification message should be no longer than 260
char.acters and must be in message format,

Mount the paper tape message on the paper tape reader and hit

the start button.
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12. The monitor printer will now print.
"Set BP No. 1 for on-line print out"
If break point 1 were set the results of every calculation per
rectifier scan would be printed out on the on-line printer.
If break point 1 were not set there would not be any print-out
of results. During the program the operator can put break
point 1 on and off, ;f so desired, to obtain print outs of blocks
of calculated results.

13. The monitor printer will now print out.
"Mount photo input of PTR"
Just as a review the photograph input should consist of the
following terms written in 12 digit floating point format.
A. Start message followed by a 3 digit serial number XXX
B. ISS followed by starting position in inches with sign
C. ISS followed by final position in inches with sign
D. 1SS followed by the tilt of photograph in degrees with sign
E. 1SS followed by the scale change with a sign
¥, ISS followed by the focal length of the taking camera in

inches with sign.
G. ISS followed by the height of the camér_a station in nautical
miles with a sign.

H, 1SS followed by the radius of the earth at the latitude of the

photograph in nautical miles followed by a sign.
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I. 1SS followed by the average of the measurement across the fiducial
marks of the copy film in inches followed by a sign.
J. ISS followed by the average of the measurements across the same

R

fiducial marks on a theoretically non-shrink base in inches followed

by a sign,

ISS followed by .th.e distance between scans on the recording cylinder

in inches followed by a sign.

ISS followed by the constant velocity of the recording cylinder in

inches per second followed by a sign.

ISS followed by the transmission input given in percent followed by

a sign.

N, ISS followed by the size of the photo which is to be rectified in
inches followed by a sign followed by an end message.

14. Mount the photo input on the paper tape reader and hit start.

15. The monitor printer will now Print out all the data that was on the
photo input tape. The operator should check these values to be cer-
ain that he is pProcessing the proper tape,

16.

The computer will now test the tilt value or in the panoramic case Volf.
It then calculates the initial and final magnification values in order to
determine the proper lens to use for the rectification of this photograph.

These values are then printed out on the monitor printer with the initial

magnification first followed by the final magnification.
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17.

18.

The t<:o:m;:>uter will now determine the proper size lens for

the magnification values calculated. The selected lens will

be printed out on the monitor printer. There is a common

area in which either lens may be used so that only the format

size would determine the size lens that is best suited. If

this were the case the print out would be as follows:

""M1 and M2 in Common Area. The size of photo will deter-

mine proper lens."

If the computer had only one possible lens the print out

would be as follows:

"Use 7. 85 lens to rectify this photo.'" or

"Use 14 inch lené to rectify this photo, "

The next print out would be the computed results of the initial
/

starting points of the rectifier. This would be 5 floating point

numbers which represent the starting positions for

(1) The copy platen (vo)
(2) The recording cylinder (Vo)
(3) The lens carriage (B,)
(4) The copy carriage (Lg)

(5) The variable density filter (Tg)
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19. The computer will now begin its iteration cycle. For each suc-
ceeding position of the recording cylinder the computer computes
and writes out in message format, to the output magnetic tape
the new positions and velocities of the servos.

20, The iteration cycle will continue until we have reached v¢ or
3600 scans. If we have reached v¢ the monitor printer will print
out the following mescsage.

"Rectification completed. Ready to copy from magnetic tape to
paper tape. "

""Set BP 5 for parity check instructions'

If we had reached 3600 scans first before vy the monitor printer
would have printed the following:

"Exceeds 3600 scans'’

"Floating point number which gives the last calculated position of
v
"Rectification completed. Ready to copy from magnetic tape to
paper tape. "
"Set BP 5 for parity check instructions'
2l. It is recommended that for the first couple of times the operator

put on break point 5 in order to familiarize himself with the

parity check procedure.
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22. The operlator will now hit the start button and the monitor printer

will p“rint the following message.

""Copying to paper tape"

The information that has been stored on magnetic tape will now
be punched out on the paper tape punch. When this operation
is completed the monitor printer will print

"Copying Completed"

This would be followed by parity checking instructions if break
point 5 were set.

23, When parity checking instructions have been completed the
operator should hit the start button. The monitor printer will
print out "Are you ready for parity check'.

24. The operator will iow hit the start button which will start the
paper tape reader checking parity on the paper tape.

25, If too many parity errors are detected, the operator can unwind the
paper tape,remove and destfoy it. Mount a new paper tape on
the paper tape punch and set break point 3. The operator will now
follow the by pass procedure which would allow the computer, after
it prints out on the monitor printer instructions on break point

settings, to punch out a new paper tape.
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26. When the tape completes its parity checking stage the monitor
printer will print
"P.T. has been parity checked"

"Rectification program completed"

27. The program will now copy the results that it has just calculated
and place it on a permanent library tape which was mounted on
tape station 20. (Or if 20 was not in working order the location
of a tape station trunk that was placed into the last two digits
of machine address 00 12 20).

28, The operator should now remove the paper tape from the paper
tape reader and on the leader of this tape should write down the
following information.

a. The photo identification number

b. The focal length of the lens to be used {as stated in step 17)

c. The five initial starting positions as described in step 18
of this section. ‘

29. If the output exceeds 3600 scans as explained in step 20, the
balance of the program will have to be completed as follows.

A new photo input tape has to be punched with the only change being

the starting position (v0 ) which should be the position the computer
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had processed on the 3600th scan., This position was written on the monitor
printer as described in step 20. The balance of the\ new photo input tape
should be the same as the ‘old tape. The rectifier program will have to be
started from step 1 of this section if the computer was disturbed from the
last run., If the computer was not disturbed then the operator can start
from step 6 whetre the '"P'" register was set to 005000 and the start button

was depressed and released.
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14,11 PROGRAMMED ERROR STOPS

Using the Section 14.10 as a reference, the error stops
will be introduced in this section as they would appear in

the operating instructions.

1. If the operator had forgotten to set one of the three possible break

points for the rectification of the photograph, the computer would automatically
return to the instruction:

'"Set Break Points as follows - Frame BPO, Strip BP2, Panoramic BP4"

The operator weuld then set one break point and continue,

2. If the operator resets one of the above break points during the operation
of the program the computer would go to a program error stop (PES).
The operator would then have to restart the rectifier program from

the beginning in order to continue,

3. The computer compares the input tilt value to 3 degrees. If the
input value is below 3 degrees the monitor printer will print the following:
""No rectification required on the photo'',

The computer would then go to PES and the program would be completed.
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4. If the computer had determined that the tilt was above 3 degrees

it would then co;'npare the tilt to 60 degrees. For the case of the tilt

being greater than 60 degrees the monitor printer would print the following:
"Tilt too large photo cannot be rectified, "

The computer would then go to PES, 'i‘he tilt value on the input tape

would then have to be changed and the program restarted from the

beginning in order to continue.

5, The computer program wi.ll now branch out into one of three
paths, (i.e., Frame, Strip or Panoramic) This writeup will assume we
were going through the frame and strip program first and then the
panoramic error stops will be covered later. In the frame and strip

program, the computer will calculate the following values:

M, (initial) = _ Sf _
fcost -V, sin t

M, (final) = St
fcost - Ve sint

The above values are tested to be sure they are within the limits of
the rectifier lens design. M, is compared to 0.5 and if it is found to
be below 0.5 the following print out will result:

"M, is less than 0.5. Determine a new scale factor "S"",

The computer would then go to PES, In order to continue the program
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the operator would have to determine a new value of ""S'"", punch up a
new input tape and start the rectifier program from the beginning.
The operator is free, if so desired, to change any other values but he
must be careful that when M; is to be calculated it will be below 9,
(This test is done later on in the program),

<

6. If Ml is greater than 0.5 the next test would be to see if M, is

greater than M,, If M; is greater than M, the following error print out
would result:

"M, is greater than M,, "

The computer would then go to PES, In order to continue it would have
to be determined why this occurred and a new data input tape developed,

The program would then have to be started from the beginning,.

7. f M) was less than M, the computer would then compare M, to 9.

If M; was greater than 9, the monitor printer would print out the following:
"M is greater than 9. Determine a new scale factor "'S'"'",

The computer would then go to a,, PES., In order to continue the program,

a new value of S or the other pa‘ra.meters that govern M,, must be

determined. A new input tape must be produced and the program

started from the beginning.
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8. Another check that is made with the calculated magnification values
would be to determine if M; is less than 1.3, and M, is greater than 4,

If this condition is present the monitor printer will print the following.
"M;, M; error condition, "

The computer would then go to a PES, In order to continue the program,
the values of M; and M‘2 must be changed so that this error condition no
longer exists. A new input paper tape must be produced and the program

started from the beginning.

9. The computer will now generate the control tape for the rectifier.
The program is so arranged th;.t if any delta velocity exceeds the
maximum velocity of the servo the monitor printer will print:

"xxx Over limits''. !

where the x's represent the number of the scan that exceeded the maximum

servo velocity,

10, As stated in step 5 of this section, the rectifier program could have
gone down one of three paths. The error print outs were the same for the
frame and strip as shown above. For the panoramic program the tilt

value is calculated instead of being given as in the frame and strip program.

14-48
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The value 1;2 is calculated and compared to 60 degrees, If this

value exceeds 60 degrees the following print out occurs.

"v zero f too large for rectification'.

The computer would then go to a PES, In order to continue, the

starting point v, must be changed so that when divided by f its

result should be smaller than 1. 0472 radians (60 degrees). The operator
would then produce a new input tape and restart at the beginning,

11. The panoragnic program would have th.e same error restart
procedures as the frame and strip for the following print outs:

"M, scale too small, Determine new S' on the panoramic program

would be identical to ”M1 is less than 0.5, Determine a new factor S"

as shown in step 5 of this section for the frame and strip program,

12, The error print out of:

"M, scale too large. Determine new S"

for the panoramic program would use the same restart procedure as:

”MZ is greater than 9. Determine a new scale factor S",

in step 7 of this section for the frame and strip program.

14-49
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3. The panoramic program has the same error print out and restart

procedure as step 8 of the frame and gtrip program.

14-50
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14,12 Machine Requirements

1. Memory Required 2489 instructions
Ingtructions 005000 - 055167
Data and Work Areas 134470 - 137767

2. Subroutines Required

Scientific FPT2
SQT2
SIN2
ATN2
ENCO
DECV
QERY

System N(FLX 2)

‘3. Input/Output Requirements
a. Input is on paper tape
by, Output is to the monitor ‘printer and magnetic tape.
c. An optional output can be made to the high speed printer by

the application of break point 1.

14-51
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14.13 Timing

The rectifier program running time will depend on the input
parameters., The longest possible program will be one in which the taking
camera is located above 50,000 feet and a combination of its other parameters
such that it would require more than 3600 scans to complete the gcanning
of the negative. For the above case it would require approximately 4-1/2 hours
to complete the program and punch out the control tape. In the 5 months we
have produced rectifier tapes, for the testing of the rectifiér, we have found
that the shortest program was about 1/2 hour. The average time we have

estimated would be about 1-1/2 hours per program,

14-52
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14.14 DETAILED FLOW CHARTS FOR PROGRAM R1

N4

PFA00Q

Frame, Strip, Panoramic

Close the Simultaneous Gate. Write the
program identification to the Monitor

Printer.

11

Write to the Monitor Printer:

""Set one of the following breakpoints;
BP 0 : Frame photography,
BP 2 : Strip photography,

BP 4: Panoramic photography, "

12

[’I‘est breakpoint 0 1

Set : Not
Set

Write to the Monitor '

Printer: ITestLb reakpoint 2 ]

Set

"Frame Photography'

Not
Set Not

Set 14

rite to the Momtor

LTest breakpoint 4 ~]

Printer:

""Strip Photography'

Set

" 15

Write to Monitor

Printer:

“Panoramic Photography"

Write to the Monitor Printer:
-
"Mount paper tape with the photo
identification on the PTR."
14, 14-1
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14,14 DETAILED FLOW CHARTS FOR PROGRAM Rl {cont.?)

=

PFA10

20 Frame, Strip, Panoramic

25

Read the photo identification from the

PTR and write it to the Monitor Printer.

Y 27

Rewind the magnetic output tape and

write this photo identification to it,

PFAl5

30

Write to the Monitor Printer!:
""Set breakpoint 1 for High Speed

Printer output',

PFA20

40

PFAZ22

Write to Monitor Printer:

Set 45
""High Speed Printer Output'.
gh Sp

i 46

Page change, and clear print areas,

PEFAZ25 4

Test breakpoint 1, ]

Not
PFAz4yg S¢t

Write to the Monitor Printer:

50

"No High Speed Printer Output. "

‘s

Write to the Monitor Printer:

""Mount photo input on the PTR',

58 @

14, 14-2
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14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont,)

%

PFA30 60

Read paper tape message containing the input
for this photo:
< Vor Ve b s, f, h, R, TD, AD, AV,

Vv, T,, photo size)

Write this input to the Monitor Printer.

—Approved-korRelease-2005/02/17 : CIA-RDP78B04ZJ0A001400040003-1
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Frame, Strip, Panoramic

Set

PFA31 70 Not
Set

{Test breakpoint 0 lr

PFA32 71

This is frame photo-
graphy. Set switch

7 ( 4775) to A.

Y

End of initial set-up computations.
Transfer to frame and strip section

of the program.

L

PFA33 v 72
Set
Test breakpoint 2
Not
i Set
PFA35 73 PFA36 Y 74
Thia is strip photo- |Test breakpoint 4
Not
graphy. Set switch Set Set
7 ( #775) to A. @
PFA38 + . 76
75
This is panoramic photography. End
jof initial set-up computationa. Trans-
ker to the panoramic section of the pro-
lgram.
]
-14,14-3
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14.14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.)

Frame, Strip

PFB0OO ’ 100
PFB10 105 Test the tilt of the photo with the minimum
Write to the Monitor PRN |tilt requiring rectification.
g
Printer: sC:t - 3°
.% "Rectification is not PRZ
) PRP
required. " PFB20 115
Test the tilt of the photo with the maximum
PFB30 120 .
allowable tilt,
Write to the Monitor PRP
-
5C: t - 60°
Printer:
PRZ
"Tilt is too large for PRN
PFCO00 200
rectification. "
Compute the corrected value of the focal
length, f.
‘ f = _T_D__ f
corrected AD input
«
PFC15 220

Change t (tilt) to radians. Compute terms
which will be used, for all h, in the iterativg
loop:

sint, cost, f cost, Sf, \'//S
PFC50 * 230

PRZ |Compare the input h, the height of the photo,

PRN ’
with hr to determine if corrections for the

earth's curvature must be considered.
PRP

S5C: h-h
1+

14, 14-4
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STAT

14.14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.}
Frame, Strip

PFDoO 300

h =h
| r
& Corrections for the earth's curvature are
PFC60 240 required,
h = hr Compute additional terms for use in the
Corrections for the earth's curvature are iterative loop:
not required. RZ, hV R
SR SR{
Compute additional terms for use in the
iterative loop: PFDI1s 310
1
f cos? t, sint cost, (sint)/; Compute the angles required in the calculation
lof Vo;
o -1 vo

PFC65 245 @, = tan ( -2

Compute V- the initial position of the re-
A cording cylinder, . PFD20 320

S f o = sin-l ( Rih sin t) t
v = -
o
V. = vA = P R
o fcost—vosintcost
Set V in the proper location for subsequent PFD40 330
] . . _ .. -1 R+h .
calculationa, 'eo = sin R sin (Q}O+t) - (®o+t)
L 2
PFCB80 260 PFD45 340
Set switch 1 (# 380) to A Compute Vo' the initial position of the re-

cording cylinder:
3
. SRf
Vo T Th (Go— ep)

Set V in the proper location for subsequent

calculations.
PFD52 344
L Set switch 1 (¥380)to B 7

14.14-5
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14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 {cont,)

Frame,Strip
PFD53 . 345
Compute Mg, the initial magnification. .
Sf
M0 =
fcost- v, gint
PFDs4 + 346
Compute My, the final magnification.
PFD56 348 M, = 5f
fcost-vy sint
Write to the Monitor Printer: PFD55 o * ) 347

¥

: . - PRP T
qu is less than . 5. Deter’m1ne Check M; against the rectifier's minimum

a new scale factor S',

magnification;
SC: .5 - My
350 PRN 349
PRZ
Write to the Monitor Printer: Mf must be less than or equal to M;
e LEE
"M‘f is greater than MO”. SC: Mg - M,
PRN
PRZ 351
PFDb62 354 Write Mf and M to the Monitor Printer
Write to the Monitor Printer: [
PFD61 * 353
"M, is greater than 9. Determinel

- PRP Mo must be less than or equal to 9,0, the

a new scale factor S'.

rectifier's maximum magnification;

SC: Mo -9,

PRN
B PRZ

14,14-6
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14.14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.)

3 Frame, Strip
5,
3
PFD64 355
PRZ Begin to determine which lens is to be
PRP
“lused.
8C: M- 1.3
PRN
PFD74 360 PFD66 356 PFD68§ 357
M, 21,3 M, < 1.3 PRP M,<1.3
Check Mg; Check M; ' Mg > 4.0
5C: Mo - 4,0 SC: M, - 4.0 Nrite to the Monitor
PRP PRZ Printer:
PRN
Mf > 173 Error Condition
M, > 4.0 PFD84 .
M, =1.3 @
f
<<
MO —= 4,0
Write to the Monitor Printer:
"Mf and Mo are in the common area, The !
size of the photo will determine the proper
lens',
PF D85 * 366
Check the size of the photo {in inches).
SC: 7' - photo size
PFD80 PRP+ 363 PRN PFD70 Y 158
PRZ
Write to the Monitor Printer: Write to the Monitor Printer:
"The 7. 85" lens is used to rectify "The 14." lens is used to rectify
this photo" this photo'', .
* 367 + 368
Set F -7,8776 Set F = 14,2796
n =-.2098 N - .. 0188
f, 3.0 £ il C s \

14,14-7
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14.14 DETAILED FLOW CHARTS FOR PROGRAM Rl (cont.)

g

Compute C_,

2
E f

where I, t', and E are program|

constants,

PFD86 &

370

Set iteration tally (¥ 770) to (3599),,.
Set decimal iteration counter to zero.

Set switch 2 (# 450) to A for first iteration,

€=

PF D87 ) 371

Calculate the addition termsj 2F,

FSf sin t

PFD88 375

Set up the constants required and

repare for the print-outs.

376
[Test breakpoint 0
NOT 597
SET
NOT
SET est breakpoint 2 l
{SET 378

Strip photography.
The following quantities are con-

stant for the entire photo.

B, = F(S41)
B, = 0
1
L. = B -
. A li
Lk = (4] c
T, = n
(S+1)2
14, 14-8
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14.14 DETAILED FLOW CHARTS FOR PROGRAM RI1 (cont.)

{Frame set-up)
376

(Strip set-up)

378

PFE10

h<€ h

- r

No corrections for earth curvature.

Frame, Strip

Frame or Strip
Iteration loop

780

400

h >h
r

Corrections for earth curvature are required,

Vi f cos? t h
Vk = Gk = Vk + 8
Sf +Vy sint cos t SRf p
- R sin
' Y sint )2 de:tanl[h+R1 eke }_t
vk:—(cost-vk——f—) (1 - cos k)
. Vk = f tan ¢ X
PFE60 * 410
. hV 2
v = ——— (1l - tan )
T P,
r [h + R(1 =) RZ .
N - o8 B k)[R cog & ] +R%in &y
b +R0 - cos 8)] 7+ RZ sinZ & ]
' 415 416
Test Vi 2gainst the final value, vy PRN The computations are completed,
I \
Yk - Vf The entire photo will be rectified
PRP in less than 3600 scans. Transfer
PRZ
to paper tape punching section of
the program.
14,14-9
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14.14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.)
?

417
Izest breakpoint 0 ]
SET ggg
ITest breakpoint 2
PFE80 y 420

Continue the computation for frame

photography,
Bk = F J- £s + 1_ 0
Lfcost-vkgint
B, - (FSf sint) V)
(f cos t - vy 8in t)z
PFE90 ' 430
L i ’
= —__k____ +
Bk - F

PFFO00 440

is |2

fcost-vksint

14,14-10

¢
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14.14 DETAILED FLOW CHARTS FOR PROGRAM RI1 ({cont.)

Frame Frame, Strip, Panoramic
440
455 PFF20 490
e - Strip Panoramic i
Set Av = AB = Ai = 0. Set 418 2265 LYy = Y - Ve
Set switch 7 to A, ABk = B, - Br.1
- k=0 B k>0 k
go to decoding for special ALy = Lk - Ly
i .
initial fine position ‘
adjustment
PFF70 - 500
PFF40 460 ) -

: - - 1| Move Vies Bk' Lk

. Set by = Vo | e .
: | . ) ! into vi_1, B, _;, Ly.] locationa.
757 AB, = B k-1

o
. - L
! ALD o PFGO00 540
' The required quantities for this acan have been
PFF50 470

J»Set switch 2 to B for subsequent iterations.

SN, e e e

i

v 480

l Set up the initial rectifier settings in an

i

PFF&60

1
* output message and write it to the

Monitor Printer:

Ve Voo Bgs Lo T, > ;

PF1I10 800

Write to the Monitor Printer:
"Photo exceeds 3600 scans."

Transfer to paper tape punching part of

the program,

&

14, 14-11

5@’66&1 SME-AA.76

computed,
Vi A{zk, By, AB,, Ly, &Ly, T,
Transfer to the section of the program which

codes this data for the rectifier paper tape.

550-755

PFHOO i 760

Calculate Vk for the next scan:
\

Vib1 T Vi © m{

78v
Go back for the next.

scan on frame or

strip photography.

785

; amic photography,

} Go back for the next acan on panor a

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1



P .

Approved Lgy Release 2005/02/17 : CIA-RDP78B047£0A001400040003-1

STAT

Report No, SME-AA-76
15 March 1962

l4.14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.)

Panoramic

2000

Begin the panoramic computations,

Compute the corrected value of the focal

length, f;

£ _TD

corrected - AD input-
PPALO f
Compute , the panoramic sweep.

Save this quantity for use in the calcu-

lation of Vo'

PPA 20 2020 PPA15 i 2010
o
Write to the Monitor Test
-
Printer- v
sc: —f—Q— - 1.0471976

"vo /£ is too large (60°)

PPA50 PRN §y PRZ 2045
for rectification"

Set the initial and final magnifications,

MO =S
Mg = §/2
PPA 56 2048 PPASS * 2047
Write to the Monitor Check Mf against the rectifiers minimum’
PRP
Printer: it magnification;
"Mf ig less than .5, SC: .5 - Mf
D . i PR?Z
etermine a new scale PRN 2051
factor S, - - -
[ Write M and M, to the Monitor Printer. ]
PPA 62 2054 PPAb1 ' 2053
Write to the Monitor Mg must be less than or equal to 9.0, the
PRP
PES Printer: - rectifier’s maximum magnification;

"M, is greater than 9. S5C: Mg - 9.0

PRN
PRZ

factor S." _a

Determine a new scale

14,14-12
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14,14 DETAILED ELOW CHARTS FOR PROGRAM R1 (cont.)

i 2055

PPA64 Panoramic
Begin to determine which lens is to be used.
SC: M£ -1.3
PRP
P
PRZ RN
PPA74 2060 PPA66 2056 PPA68 2057
= M 1.3 <
M. = 1.3 M, 2 1.3 £ M, <1.3
f PRP PRP
M, > 4_0< ] Check Mg; Check M; — M,> 4.0
SC: M, - 4.0 SC: M, - 4.0 Write to the Monitor
PRN PRN Printer:
T "Error Condition",
M, =1,3
£
Mg < 4,0 << 1.3
Write to the Monitor Printer: M, = 4.0 @
"I\/If and Mo are in the common area. The size
of the photo will determine the proper lens,
PPARS +
Check the size of the photo (in inches).
S5C: 7" - photo size '
PPASO PRP 2063 A PRN 2058
PPAT0 PRY, v 2
Write to the Monitor Printer} Write to the Monitor Printer:
-

this photo''.

"The 7.85" lens is used to rectify

‘ 2067

Set ¥ = 7.8776

-.2098

=3
"

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1
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14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont.)

ﬁ} &

2069

Compute Cn'

where Is, t', and E are program constants,

PPAB6 2070

Set the iteration tally {(# 770) to {3599)1 0.
Set the decimal iteration counter to zero.

Set switch 2 (# 450) to A for the first iteration.

Set switch 7 {# 775) to B for panoramic.

PPAS87 2071

Compute terms used in the iterative loop:

LS or

{

PPASS 2075

Set up the constants required and prepare for

the print-outs,

PPB0OO + 2080

Compare the input h, the height of the photo,

with hr to determine if corrections for earth

curvature must be considered, PRZ
PRN
. I .
SC: h - h,
PRP
PPB40 ‘ 2120
h>h

r
. < .
Corrections for earth curvature are required.

Compute additiongl terms used in the iterative loop:

R+h h hV
R SRf SR

14, 14-14

PPBlO

Report No, SME-AA-76
15 March 1962

Panoramic

2090

h< h

Corrections for earth curvature

are not required.

Compute additional terms used in

the iterative loop:

r

—
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14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont, )

@ Panoramic
ﬁ

PPB50 2130

PPB20 2100

Compute V_, the initial position
Compute Vo' the initial position P o’ P

. of the recording cylinder.
of the recording cylinder,

- v \4
Vo Vg, = SRE {sin 1 Rtn sin——o] -2
.V _ =f{5tan — h R £ f
° f
PPB30 * 2110
Set switch 11 (¥ 2200) ta A
S ¢ Lto | PPB80 4 2140
Set switch 11 (# 2200) to B
2200
SwW Panoramic
11 iteration
A B loop (785)
3
PPC1l0 221 PPCs50 2220
h= h . h>h,
No corrections for earth curvature Corrections for earth curvature are required,
are required,
[ sin th
” -1 Vk Vk = f tan_l SRT
Ve © {f tan -_.) Rih hVy
£S —— - cos
i R SRf
, v 2 v
v, = — —k : R+h hVy 1
X S cos cos 1.o
S SRT ,
SR R+h hV 2
-cos k
R SR J
2235
PPDOO 2230 R
The computations are completed. The
Test v, against the final value v ;
k f . . car
PRN entire photo will be rectified in less
Vi T Vs —
than 3600 scans. Transfer to the paper A
PRP .
PRZ tape punching section of the program,
14, 14-15
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14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 {cont.}

" PPDIi0o 2240

Continue the computations for this scan.

S ;
Bkzr[ + 1.0

é =
k fcos® Yk
f
PPD30 2250
. BZ
Lk = k4 7?
Bk-F
[ B, B, (B, - 2F)
k
2
(By - F)
PPD40 2260
C
T, = n
k 2
S
+ 1,0
cos Yk
f

* 2265

Transfer to the section of the program which
computes the final quantities and does the

paper tape coding for all photography,

S

14, 14-16
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Panoramic
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14.14 DETAILED FLOW CHARTS FOR PROGRAM Rl (cont.)

PGAl0

550 .
Paper Tape Coding

Add 1 to the decimal iteration

540

counter,

600

Test breakpoint 1

l———— 455

NOT SET
610

ISet the 4 printing switches (3, 4, 5, 6)
to B for no High Speed Printer Out-

put except in ¥ 630,

-

PGA25 v 630

Vi A{,k, B, 4B, L, AL, Ty

Clear print area 2.
Move the following quantities to

this print area.

These are the quantities which are

to be coded for the rectifier.

631
[Test breakpoint 1 —I
SET
NOT
SET

S EN——\ LW Vi Vo1t Bre By Loe Ly

632

advance

Print the 2nd print area and paper

\
14,14-17

SET

620

Set the 4 printing switches (3, 4, 5, &)

to A for printing.

625

Clear print area 1,
[Move the iteration counter and the

following quantities to this print area.

Print and paper advance.
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b
14,14 DETAILED FLOW CHARTS FOR PROGRAM R1 (cont,)

@7 Paper Tape Coding
Detail of 633 v
|=1.0

6133

¥V 2 4, VYXXXXXXXNXXXXE :

if

3

) Vi
v 633.0

Clear a work area
* discarded.

the interger portion the v must be

633.1 -

i.e, it
Move the exponent of v into the work area.]|

Move a plus sign into the area. ! f
then v, where *
WA = % yy+ . .
) voE v
is the fractional quantity which is to be
633.2

coded for the rectifier.
Decimal subtract 50 from this exponent .

v is still in floating point {ormat and

PRN| (s:: Yy+) - (* 50 J')
may be positive or negative,
PRZ Test the PRI's y ° :
PRP
654
633,3 e
- Repeat the above procedure with By.
) vl 21.0
i.e., if
The integer portion of the number must
B = BI + Bf,
be discarded. ConVert the decimatl
: ' then,
difference obtained in No. 631, 2 into
' e B8 = B.
an actal number, f
[
633.4
Repeat the above procedure with L’k
Use this octal difference to "SET T',
i.e., if
Pick up the fractional part of v(and its
I = L+ L.,
sign} and give it an exponent of 50, t f
’ ! then,
l, = L.[
633.5 .

o |v]<1.0 j

14, 14-18
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14,14 DETAILED FLOW CHARTS FOR PROGRAM Rl (cont.)

Paper Tape Coding
P5A10 638

The magnitudes of Av, AB, and AL
should all be less than .02.
i.e.,
< . , ,
o_. 'Avl , |AB|. lA}J‘S.OZ \

‘These 3 quantities are multiplied by 50, the velocity
constant, as the first step in the scaling process.

639

Check the results:

The magnitude of at
all values € 1.0 05,Aix|s 1.0 any value >1,0

H least one of the gquan-

oslaf< 1.0

tities is grgater than

PGA 26 640 oslall€ 1.0

sw 1.0, Write the iter-

)
3'/A ation count to the

B PGA27 650 Monitor Printer and

Print the partial results. skip SW3

Y
v,Av,B,Av, L, AL, T

These are the fractional parts of the

positions, the scaled accelerations, and

the original value of T.

l

PGA30

Clear print area 2. Change v, av, B,
AB, L, AL, T from floating point to

fixed point with 1 digit in front of the

dec‘imal point, 12 digits after the @

decimal point and a sign. The fixed

point quantities are placed in print area 2.

14,14-19
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14.14 DETAILED FLOW CHARTS FOR PROGRAM RIi {

680

Print these fixed

point quantities,

PGA38 vy ‘ 690

Clear print area }. ‘!
R B

DP78B0¢f#0A001400040003-1

Report No, SME-AA-76
15 March 1962

cont, )

Paper Tape Coding

PGA40 * 692

Truncate the fixed point quantities in print area 2 by
moving the sign of each quantity, so that
vi B, L = x.xxxxxx
Av, AB, AL = x. xxxt
T = x. xxxxt
Move a 5 into the pProper locations in print area 1

for the rounding of the multiply in No, 695,

PGA4S 695

Decimal multiply the truncated quantities in No, 692
by the proper scale factors, adding the results into
print area 1, where the rounding factors have been

positioned,

o [

700

\ﬂ
.
!
PGASQ y 710

Set up the decimal points in the print area. Print

the scaled values and paper advance,

7,
fat

14, 14-20

e [
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14.14 DETAILED FLOW CHARTS FOR PROGRAM Rl (cont.)

PGAT0 720 Paper Tape Coding

i Each of the seven quantities now haa a
i specific decimal range.
0 <lv|, |B[, || <4095
0% |av], |aB|, [al| <63
fi’z\ - 0 S T 127

j Convert the magnitude of the integer
part of these seven numbers into octal.
If v, B or L is negative, take the 2's

complement of this octal number. Form

the message required by the rectifier.

! 725

Set up the sign positions for the

accelerations, Av, AB, AL.

|
i

PHAI10 ' 730

Write the message for this scan to the ,

magnettc tape. |

P T G
PHA20 750
B ‘SwW {Convert the octal representations of the
A ;
A 7 quantities into printable format and i
5

A i
75! |
. Lpr1n£.
The rectifier coding has been completed
for this scan. Return to the iterative
loop.
756 5
60 B Wy Set Switch |
- [
\V 7 To B 160
14,14-21
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14.14 DETAILED FLOW CHARTS FOR PROGRAM RI (cont.)

3600 scans Entire photo Paper Tape Punching
completed completed
800 416

PFI120 ‘ } 810

The computations are completed. Write

an ED to the output tape.

PFI25 820

Rewind the tape to B TC, by rewinding 2 ED's

PFI26 ‘ 830

Write to the Monitor Printer:

'"Computations completed. Get ready to
punch the paper tape.” Set BP 5 for
instructions on checking parity on the

paper tape, "

tI‘e 8t breakpoint 5 __}I

PFI30 NOT&SET 870 SET

L

Write to the Monitor Printer:

""Last chance for parity checking instructions, " 1
J

Previous paper tape

had a parity error.

1015
PFI30 8930

Write to the Monitor Printer:

"Copying messages to paper tape, "

14, 14-22
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14.14 DETAILED FLOW CHARTS FOR PROGRAM Rl {cont.)

- B

Y]

PFI35

3

900

Copy all of the messages from the

magnetic tape to paper tape including the ED,

I

Rewind the magnetic tape.

Paper Tape Punching

"] NOT SET \

920
Write to the Monitor Printer:
""Paper tape punching is completed. "
PFI 40 930
Test breakpoint‘ 5
PFI45 ; SET 940

parity error,

Write the inatructions for checking parity
on the parity tape to the Monitor Printer.

This includes setting BP 3 if there is a

paper tape."

Write to the Monitor Printer:

YAs you ready to check parity on the

980

the paper tape reader.

To check parity: Unwind 4095 ED's on

Error

No Parity{Error

14,14-23
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985

| Parity »

Follow parity error

instructions. Set BP3
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14,14 DETAILED FLOW CHARTS FOR PROGRAM RI (cont, )

: 58
o 990 Paper Tape Punching

‘Test Breakpoint 3

NOT SET
SET

PFI60 1000

This is a good’

paper tdpe

i . PIB0O ) ' 1030 PFI55 1010

S ' Copy the resultsa for this photo from the Write to the Monitor

Printer.

magnetic output tape to the rectifier »

library tape. "The paper tape contains

Unwind the library tape, 1 1; D. a parity error, A new

Rewind the library tape, 1 E D. paper tape will be gener-

- 1
Write to the library tape, 1 E F. ated. Reset BPS." |

Copy the messages from the temporary 1015

output tape to the library tape ending

with the ED. 890
To punch a new
Rewind both tapes. ) paper tape
14, 14-24

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1



Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1

UN/ VE/?.S’A[. PHOTO RECTTHER AND PA’//VTép

MOTOR
SWEEP
; AT TENUATOR
_@ 1 AXR
X g 7/ ATTENUATOR ~ SWEEP i
TRANSDUCER LENS , ATTENUATOR
Y INDEX —
MOTOR '
YR INDEX
SERVO
Y, TRANSDUCER .
PHOTO - "} R Xr SERVO
MULTIPLIER L] AI?APUFIER - COMPARATOR
VIDEO SWEEP
AMPLIFIER SYNCHRONIZED
; Q\MOTOR GENERATOR
— OMPUTER
LENS /— L G— Xp R C
TRANSDUCER
Yp DIRECTION
DIRECTION Yp INDEX
MOTOR TAPE

Y READER

Figure 1-1.
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040003-1



STAT

Approved For ReleZ¢TREG/GPT ICA-RRR TERIRTIER\001400040003-1

The Electro-Optical Rectifier was designed and developed by the

| [under the sponsorship of the Air Force
Systems Command, Rome Air Development Center, Griffiss Air Force
Base, New York,

The apparatus shown corrects the displacements in oblique and
panoramic aerial photographs caused by the tilt of the taking camera.
The tilt is the angle at the perspective center of the photograph between
the photo perpendicular and the nadir line, The process of correcting
these displacements is called rectification. In order to rectify a photo-

graph, it is necessary to transform two dimensions into the rectified
print. '

The instrument accomplishes the rectification by a line scanning
technique. Copy is translated past a projected line of light which re-
sults in a lateral dimension change. At the same time a constantly vary-
ing magnification change results in a longitudinal dimension change.

The process is controlled by a perforated tape prepared by a digital
computer. The control tape is processed by a digital decoder which con-
verts the digital information on the tape into electrical signals which con-
trol the servo system of the rectifier.

SPECIFICATIONS
Dimensions (inches) Power Requirements (input) Weight (pounds)
Rectifier ...... 117 x 36 x 72 Rectifier...... 10, 000 watts Rectifier...... 4,000
Decoder ....... 30x24x 178 Decoder ...... irom Rectifier Decoder....... 1,000
Fixture ....... 48x24x 16 Fixture ...... 350 watts Fixture ....... 100
Transparent Copy Size (inches) ...........c.ccvn. 70 MM x 13 in,, 5 x 12; 6-1/2 x 10; 9-1/2 x 9-1/2
Recording Film Size (incheS) .......ciiieeeererornrronesonsnens 9-1/2x9-1/2; 9-1/2 x 36; 36 x 36
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